Abstract: In the described case of the death of a 53-year-old woman, no toxicological examination was performed directly after death (only an anatomopathological autopsy), although symptoms of serious gastrointestinal disturbances had been present (the woman had been hospitalized twice in the course of several months). It was assumed that the cause of death was myocardial infarction. Five years later, some new circumstances came to light which suggested that somebody could have administered some poison (metals, cyanides) to the woman. Toxicological analysis of postmortem samples from the corpse, exhumed 6 years after death by order of the public prosecutor's office, revealed high tissue mercury contents in biological material (cold vapor atomic absorption spectrometry): small intestine, 1516 ng/g; large intestine, 487 ng/g; liver, 1201 ng/g; heart muscle, 1023 ng/g; and scalp hair, 227 ng/g. In samples of soil from places near the coffin, negligible traces of mercury were found (0.5-1.5 ng/g); contamination by mercury from the environment was ruled out. The presented case is a rare example of recognition of mercury poisoning on the basis of the results of analysis of biological material from an exhumed cadaver.
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), and thallium (8 years). 1 At the end of the 20th century, even a radioactive element, 239, 240 Pu, was detected (after 7 years). 1 Many years ago, nonmetals were also found in cadavers: for example, fluorine, phosphorus, and bromine, 1 and even CO-Hb (2 months), 5 CO-Hb (9.5 weeks) and others. 1 Acute poisonings with mercury are rather rare. There are some cases of fatal intoxications, either intentional (suicides and, very rarely, homicides) or accidental (by vapor, skin, and so on). [6] [7] [8] Poisoning by ingestion has most often involved mercuric chloride, [9] [10] [11] and rarely other compounds, for example, mercuric cyanide. 12 Mercury bromide was applied on chest skin in an ointment. 10 Dimethylmercury, a volatile liquid organic mercury compound, has been reported in only 4 cases of human poisoning, each proving fatal. 13, 14 Metallic mercury is also known to be toxic after ingestion 15, 16 or intravenous or subcutaneous injections. [17] [18] [19] Moreover, there is only 1 report in the literature, described by Buschmann in 1930, 20 concerning detection of mercury in cadavers 1 month after death in a case of ingestion of mercury and chlorine water.
In this paper, a case of death of a 53-year-old-woman, in which no toxicological examination was performed directly after death (only an anatomopathological autopsy was carried out), is described. Exhumation followed by examination of biological material about 6 years after the death of the woman revealed that her death was the result of criminal activity.
CASE REPORT History
A 53-year-old female schoolteacher (classical scholar) was hospitalized twice in the course of several months, with symptoms of heavy gastrointestinal disturbances: abdominal pains, nausea, vomiting, and diarrhoea, as well as kidneys failure, followed by coma and symptoms of circulatory-respiratory insufficiency. She died during the last hospitalization. No toxicological examination was performed directly after death despite suspicion of poisoning by an unknown chemical substance. Only an anatomopathological autopsy was performed. A histopathological test of sections of internal organs revealed that myocardial infarction was the cause of the woman's death.
After 5 years, some new circumstances were discovered which could be significant in shedding light on the real cause of death. At the woman and her husband's house, somebody had laid a homemade explosive under a bed. While searching the workplace of the man suspected of having done it (the woman's son in law), the police found (in a hiding-place in the ceiling) some chemical substances, which they submitted for analysis. Furthermore, a "Handbook on Toxicology" for students and invoices for chemicals: mercury chloride, dimethylmercury, elemental mercury, meso-2,3-dimercaptosuccinic acid (DMSA) for chelation of heavy metals (Pb and Hg), and arsenic, ordered by the 
Autopsy Findings
The corpse exhibited advanced putrefaction after about 6 years in an earth grave. The inner organs demonstrated some analytical changes; however, they could be preserved for toxicological analysis.
Toxicological Analysis
Because of the fact that metallic and cyanide compounds were among chemical substances found at the workplace of the person suspected of having committed the homicide, the biological material preserved during the medicolegal autopsy of the exhumed cadaver of the woman was tested for toxic metalsparticularly As, Se and Hg-and cyanides.
Sample Preparation
Before determination of metals by ICP OES, digestion of 1 g of internal organ, and 0.27 g of hair with nitric acid (3 mL) and hydrogen peroxide (1 mL) was performed using a microwave oven (Ethos 1, Milestone, Italy) in accordance with the following program: time, 2 minutes, temperature, 85°C; time, 4 minutes; temperature, 135°C; time, 5 minutes; temperature, 230°C; time, 15 minutes; temperature, 230°C. The mineralized samples were analyzed, in glass vessels, at the same day.
Before determination of Hg by CV AAS, and of As by hydride generation atomic absorption spectrometry, tissues (10 g) and hair samples (0.5 g, washed with water and acetone, cut into small pieces: 0.5-1 cm), were digested in duplicate with nitric (V) and sulfuric(VI) acids (2 mL, and 10 mL, respectively) in closed glass vessels.
Before determination of Se by hydride generation atomic absorption spectrometry, samples were mineralized in a microwave oven (Ethos 1, Milestone, Italy) using the following program: time, 10 minutes; temperature, 135°C; time, 10 minutes; temperature, 185°C.
Before determination of cyanides, small intestine tissue (1 g, previously homogenized with water, 1:1) was subjected to the microdiffusion process in glass devices (first microdiffusion: 1 mL of 10% sulfuric acid was placed in the outer well and in the inner well, 2 mL of 0.1 M sodium hydroxide for 2 hours at room temperature; second microdiffusion of ½ sample (used usually for putrefied material), that is, 1 mL of solution from the inner well after the first diffusion and 1 ml 10% sulfuric acid, 3 mL of 0.01 M KMnO 4 ).
Instrumentation
The screening analysis of biological material (small and large intestines, liver, heart, and head hair) for toxic metals was carried out by ICP OES, with the use of an iCAP 6300 emission spectrometer (Thermo Electron Corp., Waltham, MA), allowing the recording of the full emission spectrum of the sample: 166.250 to 847.000 nm, with the help of a charge-injection device. The instrument was calibrated against an ICP multielement standard solution IV (23 elements: Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl, Zn) of concentration 1000 mg/L (Merck, Germany), in the range of 0.01 to 2 μg/mL (0.01, 0.02, 0.05, 0.10, 0.20, 0.50, 1.00, and 2.00 μg/mL), and an ICP multielement standard solution IX (9 elements: As, Be, Cd, Cr(VI), Hg, Ni, Pb, Se, Tl) of concentration 100 mg/L, in the range of 0.01 to 1 μg/mL (0.01, 0.05, 0.10, 0.20, 0.50, and 1.00 μg/mL). Linear regression analysis gave a regression coefficient (R 2 ) greater than 0.998 for emission lines of most of the elements. The analysis was performed according to Lech and Lachowicz. 21 Analysis for arsenic and selenium was carried out by the use of hydride generation technique, a Solaar MQZe atomic absorption spectrometer equipped with vapor system VP100 Continuous Flow Vapor Accessory and a T absorption cell (Thermo Electron Corp., Waltham, MA). Reduction was made by means of 0.5% (m/v) sodium tetrahydroborate(III) in 0.5% (m/v) sodium hydroxide in the presence of 5% (v/v) hydrochloric acid (from 30% HCl) at the temperature of 900°C (before analysis, samples were pretreated at a room temperature for 2 hours by HCl (30%, 20 mL) and hydroxylamine hydrochloride (20%, 2 mL) to minimize the interference from volatile nitrogen oxides). The recovery of spiked 0.5 μg Se liver was 99.5%, and of 0.5 μg As was 80.0%. The accuracy tested using CRM Seronorm Whole Blood L-3 were 93.8% for Se, 85.1% for As. The linear range of calibration was up to 50 μg/L of As and Se.
Total mercury was determined by means of CV AAS, using a Solaar MQZe atomic absorption spectrometer equipped with vapor system VP100 Continuous Flow Vapor Accessory and a mercury absorption cell (Thermo Electron Corp., Waltham, MA). Hg 2+ ions were reduced by means of 0.5% (m/v) sodium tetrahydroborate(III) in 0.5% (m/v) sodium hydroxide in the presence of 5% (v/v) hydrochloric acid (from 30% HCl) to elemental mercury Hg 0 . The linear range of calibration was up to 200 μg/L of Hg. More details and validation data were previously described in Lech. 22 Determination of cyanides was performed by the spectrophotometric method (after oxidation by KMnO 4 ) with chloraminephosphate and pyridine-pyrazolone reagents. The reaction with 0.2 mL of chloramine-phosphate reagent (2-3 min) was carried out at a temperature of 0°C followed by the reaction with 3 mL of pyridine-pyrazolone reagent at room temperature. After 1 hour, absorbance at λ = 630 nm of blue solution was measured (spectrophotometer PU 8610 UV/VIS, Pye Unicam, England).
RESULTS
Heavy metals (lead, cadmium, zinc, copper, manganese, chromium) and selenium in internal organs and human head hair of the woman who had died in 2004 were at concentrations which are usually found in normal cases; thallium, barium, and arsenic were not detected. Using CVAAS, high levels of mercury were revealed in all examined materials, including hair (227 ng/g). The results of analysis of biological material for mercury are presented in Table 1 .
Cyanides were not detected in the small intestine. In 2009, just after arresting the woman's son in law, samples of urine, blood and hair of her second son in law, who suffered The amounts indicated exposure to mercury, for example, elemental mercury, in the blood and hair of that man-the levels of mercury were about 2 times higher than that in Polish nonexposed people. In the blood, urine, and hair of other persons, only traces of mercury and selenium were present (reference levels); arsenic was not detected in any of the samples. Occupational or environmental exposure to mercury was excluded. The accused man lived next door to his brother in law. Analysis of samples of his urine, blood, and hair for mercury (as well as As and Se) gave negative results. There are no industrial plants in the neighborhood. The air inside the house of the accused man was almost free of mercury (traces of mercury only)-see the results below. The man worked as a manual worker in a Youth Detention Centre (in 2004, he was 31 years old).
Post-Toxicological Analysis
The claim put forward by the suspect that waste from a nearby rubbish dump was the source of exposure of the dead woman (the suspect's mother-in-law) and the suspect's living brother-in-law, (all lived in very close proximity to each other), is contradicted by results of studies of mercury content in the air in residential flats and commercial premises (in the neighbourhood) and in the interiors of cars parked in front of the buildings. Studies were conducted by employees of the Institute for Ecology of Industrial Areas in Katowice, at the request of the prosecutor, after obtaining results of toxicological analyses. Rooms in the building belonging to the suspect showed only trace amounts of mercury, 9.7 to15.2 ng/m 3 ; in front of the building, less than 0.24 to 1 ng/m 3 ; in the interior of cars, 6.5 and 8.2 ng/m 3 ; in the interior of the houses belonging to the suspect's in-laws (brother-in-law and parents-in-law): 221.7 to 433.2 ng/m 3 ; and in the room of the father-in-law and the dead mother-in-law, behind the couch, 2566 ng/m 3 .
DISCUSSION
The presented case is a rare example of recognition of mercury poisoning on the basis of the results of biological material provided during an autopsy of exhumed cadavers. Mercury was first detected in postmortem material 1 month after death in 1930. 20 In that case, a man ingested metallic mercury and chlorine water, producing corrosive sublimate, that is, mercury(II) chloride. In this study, the levels of mercury in internal organs exceeded by many times (about 50-500) reference levels occurring in persons who had not been exposed to mercury [23] [24] [25] [26] ; the level of in hair was also elevated. Some levels of mercury in human organs and hair in nonintoxicated and nonexposed persons, according to the literature and own data, are quoted in Table 2 . Matsuo et al 24 noted somewhat higher levels of mercury in internal organs of contemporary Japanese, and You et al 27 in Korean subjects, but in those populations, diet (fish consumption, and so on) could have a significant influence on the concentration of mercury in the human body. Hać et al 26 stated that the geometric mean levels of mercury in the renal cortex, liver, cerebellum, and hair in residents in the Gdańsk region (northern Poland) are 15 to 19 times lower than that in the population of Tokyo and its environs. The mean mercury levels in the hair of nonoccupationally exposed inhabitants of Warsaw or Kraków (Poland) were 0.15 to 0.17 μg/g. 15 They cannot be compared, in this instance, to normal values for Japanese men: 0.61 to 4.70 μg/g.
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In the present case, special attention should be given to the fact that the exhumation was performed, by order of the public prosecutor's office, about 6 years after the woman's death. In addition to toxicological examination of internal organs carried out during autopsy of the cadaver, chemical analysis of samples of soil from places near the coffin was also carried out. As a result of this analysis, only negligible traces of mercury were found (0.5-1.5 ng/g); thus, contamination by mercury from the environment was ruled out. The results obtained for the biological material indicated acute mercury poisoning (probably with mercury (II) chloride, as it later turned out), which manifested as abdominal and heart disturbances. It should also be noted that the concentrations of mercury in the body (small intestine, 1516 ng/g; large intestine, 487 ng/g; liver, 1201 ng/g; heart muscle, 1023 ng/g; and scalp hair, 227 ng/g) could have been greater at the time of death, because this heavy metal is extremely volatile (this metal Reference Concentrations of Hg, ng/g easily evaporates at room temperature, creates monoatoms, and is a unique element that can be determined in vapors, without heating, unlike arsenic, selenium, and so on).
Arsenic was not detected in the internal organs and hair of the woman nor were cyanides in the small intestine, and the content of selenium was within the range of reference levels. Other metals were determined, because in the light of data contained in the records, there were indications that it could be poisoning by a mixture of various chemical compounds. The duration of the analysis may also have had a significant effect on the obtained results (cyanides are not stable in biological material; mercury and selenium compounds are volatile).
In the described case, public prosecutor's offices have recently estimated that in 2004, the son in law administered mercury chloride at least twice (in the course of several months) to his mother in law in food; the amounts of the substance administered were unknown, probably the first dose was not lethal; however, the second time, the amounts were greater or perhaps the (cumulative) concentrations finally exceeded toxic levels, and the woman died. There are no data on levels of mercury in autopsy samples just after death (in 2004). Furthermore, in the literature, there are no data on concentrations of Hg in the human body after lying underground for several years (in an earth grave), so it is difficult to compare any concentrations. Probably, advanced putrefaction can cause a decrease in the levels of Hg in the tissues, 6 years of putrefaction is a long time for volatile compounds.
There are a few data in the available literature concerning concentrations of mercury in human tissues in poisoned people in cases of fatal intoxications with inorganic mercury compounds. [8] [9] [10] 12 They refer to fresh tissues and not comparable to exhumed values in the case of volatile substances (e.g., HgCl 2 ).
For example, the postmortem tissue concentrations of Hg in a fatal intentional poisoning with mercury chloride by ingestion (simultaneously with alcohol, tricyclic antidepressants, and potassium cyanide) were the following: mucosa of stomach, 6624 μg/g; kidney, 284.3 μg/g; liver, 65.1 μg/g; spleen, 56.3 μg/g; lung, 38.5 μg/g; myocardium, 16.9 μg/g; brain, 1.3 μg/g. 9 Triunfante et al 10 reported the following concentrations of mercury in a fatal case of poisoning, in which about 50 g of mercury chloride were ingested for suicidal purposes: liver, 49.9 μg/g; lung, 3.29 μg/g; brain, 0.33 μg/g; and blood, 11.7 μg/mL, and the following levels in an accidental case of poisoning, after applying an ointment containing mercury bromide on chest skin: liver, 46.6 μg/g; lung, 14.6 μg/g; brain, 0.21 μg/g; kidney, 77.7 μg/g; stomach, 7.12 μg/g; spleen, 6.4 μg/g; and heart, 2.34 μg/g; and for blood and urine, 2.95 μg/mL, respectively. In another case of poisoning by ingestion with mercuric cyanide, Labat et al 12 found 3.8 μg/mL of mercury in blood and 150 μg/mL of mercury in gastric content. In this case of poisoning, the levels of mercury found in postmortem samples were lower than those mentioned above, which, obviously, can be attributed to the long time between the death and time of analysis: about 6 years. Generally, in a desiccated body, metal concentrations could be elevated; however, it concerns other metals, e.g. zinc, manganese, cadmium, chromium, lead, and so on-in samples of soft tissues obtained from exhumed cadavers, the levels of these metals are normally greater, but, mercury disappears from the vessels during even short storage at room temperature, it is possible that concentrations decrease over time in a corpse lying underground (an earth grave).
The potential association between chronic exposure to heavy metals, such as mercury, lead and cadmium, and cardiovascular disease, has been less well defined. Mozaffarian et al 30 found no evidence of any clinically relevant adverse effects of mercury exposure on coronary heart disease, stroke, and total cardiovascular disease in adults. 31 In some mercury poisonings, cardiovascular disturbances have, however, been suggested, for example, chest radiography and cardiac ultrasound revealed dense metal deposits in the heart of a 34-year-old man after intravenous self-injection 15 years before. In this case, intravenous mercury was deposited in the right ventricle of the heart and could have resulted in ECG abnormalities, which might later have been mistaken for changes due to coronary and cardiac disease. 18 Similarly, autopsy findings also revealed metallic mercury deposits within the cardiac muscle of a 28-year-old deceased male, who had self-injected with mercury 11 years before, and finally committed suicide by hanging. 32 This may be why in the described case, clinical symptoms manifested not only as abdominal, but also heart disturbances.
CONCLUSIONS
In conclusion, it can be noted that the presented case is an exceptionally rare example of diagnosis of mercury poisoning (probably with mercury(II) chloride) on the basis of the results of analysis of biological material provided during an autopsy of exhumed cadavers. It was shown that examination of putrefied material (6 years after death) could be a significant contribution to finding the real cause of death (primarily assumed as myocardial infarction), even when it is poisoning with a very volatile compound. In the described case, clinical symptoms during two hospitalizations of the woman (during the woman's lifetime)-in particular, acute abdominal pains, vomiting and diarrhoea, kidneys failure-indicated also poisoning by an unknown chemical substance.
